1. Introduction
===============

Transurethral resection of the prostate (TURP) is considered to be the most effective surgical procedure for symptomatic benign prostate hyperplasia (BPH).^\[[@R1],[@R2]\]^ However, concerns still remain regarding its complications caused by the absorption of irrigating fluid, such as hyponatremia, pulmonary edema, severe bleeding, and myocardial arrhythmia.^\[[@R3]--[@R6]\]^ In particular, coagulopathy occurs when an excessive volume of irrigating fluid is absorbed. Serious postoperative hematuria, accompanied with hemorrhagic symptoms, has been reported, which may result from disseminated intravascular coagulopathy.^\[[@R7]\]^ Although hemostatic problems after TURP are common and implicated in the morbidity of the procedure,^\[[@R8],[@R9]\]^ the mechanism regarding the effect of irrigating fluid on coagulopathy remains unclear.

Intravascular fluid administered during surgery---whether crystalloid or colloid---is known to influence blood coagulation.^\[[@R10]--[@R12]\]^ Irrigating fluid used during a TURP procedure is absorbed at a rate of 10 to 30 mL/min,^\[[@R4]\]^ which is not a small amount. Therefore, it is important to investigate whether irrigating fluid affects blood coagulation to contribute to perioperative bleeding. Presently, to the best of our knowledge, there are no studies on the correlation between the absorption of irrigating fluid and blood coagulation using a point-of-care hemostasis monitoring method. One such monitoring method---rotational thromboelastometry (ROTEM)---employs a viscoelastic device to assess blood clot formation.

The purpose of this study is to enhance our understanding of the relationship between irrigating fluid and blood coagulation in patients undergoing TURP. Based on the hypothesis that absorbed irrigating fluid causes, a change in the coagulation cascade, we performed this prospective observational study using ROTEM analysis.

2. Methods and materials
========================

After obtaining an approval from the Institutional Review Board at Seoul National University Bundang Hospital (Seongnam-si, South Korea, approval on August 7, 2013, B-1307/211-001), this prospective and observational study was registered in the Clinical Research Information Service ([http://cris.nih.go.kr, KCT0001216](http://cris.nih.go.kr,%20kct0001216/)). Written informed consent was obtained from all subjects.

This study was conducted in patients with a physical status of 1 or 2, according to the American Society of Anesthesiologists' (ASA) criteria, undergoing TURP for BPH under spinal anesthesia. Preoperative exclusion criteria were as follows: anticoagulation or antithrombotic therapy, hematologic disease, pulmonary diseases, such as pulmonary edema or effusion, infectious disease, renal disorders, hepatic disorders, alcohol abuse, or malignant disease.

Upon arrival in the operating room, standard monitoring, including pulse oximetry, electrocardiogram and noninvasive arterial pressure, was applied before the induction of anesthesia. All patients first received an intravenous administration of 0.03 mg/kg midazolam, and then spinal anesthesia using 2.0 to 3.0 mL of 0.5% hyperbaric bupivacaine (Marcaine, Astra-Zeneca, Stockholm, Sweden) mixed with 10 to 20 μg of fentanyl intrathecally. We treated hypotension (arterial blood pressure \<20% of baseline or \<90 mm Hg) caused by spinal anesthesia with 5 to 10 mg of ephedrine or 10 to 30 μg of phenylephrine. Ringer lactate solution was used to maintain fluid volume during the operation, at a rate of 5 mL/kg/h. A forced-air warming blanket (Bair Hugger 52200, Arizant Healthcare Inc., 3M Company, Eden Prairie, MN) was applied to all patients.

TURP was conducted by 1 operator using a 24 F continuous irrigating resectoscope. A mixture of 2.7% sorbitol--0.54% mannitol (Urosol, CJ Pharma., Seoul, South Korea) and 1% ethanol (w/v), which was included to measure the fluid absorption via ethanol concentration in expired breath (EB ethanol), was used as an irrigating fluid. Immediately after TURP, the saline solution was used as the irrigating fluid through a 22 F 2-way urinary catheter until the urine drained clearly.

Venous blood samples were taken from the patients twice: before (after confirming the sensory block by spinal anesthesia in the operating room) and after surgery (upon arrival to the postanesthetic care unit within 30 minutes of the operation). Venous blood was drawn using the standard 2-syringe technique to prevent contamination by tissue factors. After discarding the initial 5 mL drawn, the test blood sample was obtained immediately. Blood samples were collected in ethylenediaminetetraacetic acid--containing tubes (Becton Dickinson, Plymouth, UK) to determine the hemoglobin, hematocrit, and platelet counts, and in serum separator tubes to determine the electrolytes (sodium, potassium, chloride, and ionized calcium). Blood samples were put into citrate-containing bottles to determine the international normalized ratio of prothrombin time (PT-INR), activated partial thromboplastin time (aPTT), and for ROTEM analysis (Pentapharm, Munich, Germany). PT-INR and aPTT values were obtained using a STA-R Evolution analyzer (Diagnostica Stago Inc., Asnieres, France) with STA Neoplastine CI Plus and STA PTT AUTOMATE reagents (Diagnostica Stago Inc.), respectively.

ROTEM tests were conducted in accordance with the manufacturer\'s recommendations by 1 investigator. The analyses were performed automatically, and graphic results were drawn. Four parameters of ROTEM were obtained as follows: clotting time (CT), α-angle (α), clot formation time (CFT), and maximum clot firmness (MCF). The extrinsic and intrinsic coagulation cascades were assessed by EXTEM and INTEM, respectively, using the recommended reagents (star-TEM with in-TEM or ex-TEM). Changes in the fibrin polymerization and fibrinogen concentration were examined by a FIBTEM test using the fib-TEM and ex-TEM reagents. The appropriate reagents were added to 300 μL of citrated whole blood for each test by computer-assisted pipetting. These ROTEM analyses were conducted within 10 minutes of obtaining the test samples. All analyses were performed using ROTEM machine that was set at 37 °C. MCF measurements have a coefficient of variation of \<3% for EXTEM, \<5% for INTEM, and \<6% for FIBTEM. For CFT, the coefficient of variation is \<4% for EXTEM and \<3% for INTEM. Coefficient of variation for angle alpha is \<3% for EXTEM and \<6% for INTEM. The coefficient of variation for CT is \<15% for both EXTEM and INTEM.^\[[@R13]\]^

The amount of irrigating fluid absorbed can be estimated using the ethanol monitoring method, as described by Hahn and Ekengren.^\[[@R14]\]^ EB ethanol was estimated using a breathalyzer, AlcoScan AL7000 (Sentech Korea Corp., Paju-si, Gyeonggi-do, South Korea), every 10 minutes during the operation, until the end of surgery. The breathalyzer was calibrated in accordance with the manufacturer\'s recommendations. To obtain sufficient breath samples, patients were asked to take a deep breath and exhale steadily and continuously into the mouthpiece of the breathalyzer. EB ethanol was used to calculate the volume of irrigating fluid absorbed, using the following formula: absorption (mL) = (2140 + 3430 × EB-ethanol~[i]{.smallcaps}~) × ΔEB-ethanol + (44 + 806 × EB-ethanol~[i]{.smallcaps}~),^\[[@R14]\]^ where EB-ethanol~[i]{.smallcaps}~ is the expired breath ethanol concentration at the beginning of any 10-minute period, and ΔEB-ethanol is the total change in the ethanol concentration during the same period. A decrease in ΔEB-ethanol is expressed as a negative number. The total volume of fluid absorbed during an operation was the sum of results taken every 10 minutes.

The estimated blood loss was calculated using the formulas described by Rosencher et al^\[[@R15]\]^ with pre- and postoperative hematocrit values.

The primary outcomes were the results of INTEM, EXTEM, and FIBTEM. The secondary outcomes were hemoglobin, hematocrit, platelet count, PT-INR, aPTT, electrolytes (sodium, potassium, chloride, and ionized calcium), volume of absorbed irrigating fluid, operating time, resected prostatic tissue weight, and the total amount of irrigating fluid. The primary variable used for the power calculation was FIBTEM-MCF based on our pilot data. In general, FIBTEM-MCF is recommended to be used on the management of severe bleeding in patients undergoing surgery or trauma as a point-of care tool. Thus, for the purpose of this study, we focused on the change of FIBTEM-MCF to determine the sample size.^\[[@R16],[@R17]\]^ Assuming a 30% difference in the mean (standard deviation) of 14.1 (4.9) for the baseline values, while aiming for a power of 90% and a risk of 0.05 for type-1 errors, 17 patients were required. We included 20 patients to allow for a 15% dropout rate.

Statistical analyses were performed using a Wilcoxon signed rank test to make a comparison between the pre- and postoperative values. A correlation among the irrigating fluid absorbed and the operating time, anesthesia time, change of ROTEM parameters, and volume of irrigating fluid used was examined by Spearman rank correlation analysis. Possible predictor variables were entered in a multivariate linear regression analysis (including only univariate significant variables), with irrigating fluid absorbed as the dependent variable. The variables included were operating time, anesthesia time, change of INTEM-CT, resected prostatic tissue weight, and volume of irrigating fluid used. Multicollinearity was avoided by excluding the variables with a variance inflation factor of ≥10. Data were analyzed using SPSS ver. 22 (SPSS Inc., Chicago, IL) software, and a *P* value of \<0.05 was considered statistically significant.

3. Results
==========

A total of 20 patients, between September 2013 and July 2014, were included in this study (Fig. [1](#F1){ref-type="fig"}). There were no complications, that is, no hyponatremia, massive bleeding, or TURP syndrome. Patient characteristics and information on surgery and anesthesia are provided in Table [1](#T1){ref-type="table"}.
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###### 

Characteristic of patients, surgery and anesthesia (n = 20).
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Data regarding ROTEM parameters are described in Table [2](#T2){ref-type="table"}. INTEM-CT was significantly lengthened by 14% (*P* = 0.001). INTEM-α-angle was significantly decreased by 3% (*P* = 0.011). EXTEM-CFT was significantly prolonged by 18% (*P* = 0.008), and EXTEM-MCF was significantly decreased by 4% (*P* = 0.010). FIBTEM-MCF was also significantly decreased by 13% (*P* = 0.015). Although there were no significant changes in the other parameters of ROTEM, the overall variables showed a hypocoagulable tendency: INTEM-CFT and EXTEM-CT were prolonged by 13% (*P* = 0.070) and 7% (*P* = 0.239), respectively. Moreover, INTEM-MCF and EXTEM-α-angle were decreased by 4% (*P* = 0.091 and *P* = 0.110, respectively).

###### 

ROTEM parameters (n = 20).
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Table [3](#T3){ref-type="table"} shows the levels of blood counts and coagulation values in the pre- and postoperative periods. Hemoglobin (*P* \< 0.001), hematocrit (*P* \< 0.001), and platelet counts (*P* \< 0.001) in the postoperative period were significantly lower compared with those in the preoperative period. The postoperative values of PT-INR was significantly greater than the preoperative values (*P* \< 0.001), whereas preoperative and postoperative aPTT were comparable (*P* = 0.794).

###### 

Blood count and coagulation values (n = 20).
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Sodium (*P* = 0.150) and chloride (*P* = 0.185) did not change significantly from before to after surgery (Table [4](#T4){ref-type="table"}). The postoperative values of potassium (*P* = 0.024) and ionized calcium (*P* = 0.049) were significantly lower than the preoperative values (Table [4](#T4){ref-type="table"}).

###### 

Electrolytes (n = 20).
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There were statistically significant correlations between the amount of absorbed irrigating fluid and operation (ρ = 0.777, *P* \< 0.001) and anesthesia (ρ = 0.557, *P* = 0.011) time, resected prostatic tissue weight (ρ = 0.589, *P* = 0.006), volume of irrigating fluid used (ρ = 0.794, *P* \< 0.001), and change of INTEM-CT (ρ = 0.903, *P* \< 0.001) (Table [5](#T5){ref-type="table"}).

###### 

Correlation (ρ) between the volume of absorbed irrigating fluid and other factors at the end of the surgery.
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After adjustment of multicollinearity, the factors in the multivariate linear regression analysis that was associated with the amount of absorbed irrigating fluid were resected prostatic tissue weight (*P* = 0.001) and change of INTEM-CT (*P* \< 0.001) (Table [6](#T6){ref-type="table"}).

###### 

Multivariate linear regression analysis of association between absorption of irrigating fluid and other variables.

![](medi-96-e5468-g007)

4. Discussion
=============

In the present study, we investigated the blood coagulation status of before and after TURP using ROTEM. The prolonged postoperative values were shown in INTEM-CT and EXTEM-CFT. Moreover, INTEM-α-angle, EMTEM-MCF, and FIBTEM-MCF were decreased postoperatively. Moreover, we showed a positive association between the volumes of irrigating fluid absorbed and resected prostatic tissue weight and change of INTEM-CT.

CT is defined as the duration of time from the onset of measurement to the initiation of clot formation,^\[[@R13]\]^ which includes thrombin formation and clot polymerization. Therefore, CT reflects the coagulation factor activity or concentration; and prolonged CT suggests a low coagulation factor activity or coagulation factor deficiency.^\[[@R18]\]^ In the present study, CT of INTEM was lengthened significantly. The degree of change in CT of INTEM showed a strong positive association with the volume of irrigating fluid absorbed, which indicates an impairment of the intrinsic coagulation pathway. Therefore, the irrigating fluid absorbed seems to have an influence on both intrinsic pathways by directly decreasing the coagulation factor activity or lowering the coagulation factor concentration through the hemodilution effect. Such effect of irrigating fluid inducing coagulation cascade impairment may be one of the contributing factors for postoperative bleeding after TURP.

Interestingly, the ROTEM parameters demonstrated a hypocoagulable pattern (prolonged CT and CFT values, and decreased α-angle and MCF values), although not all variables were statistically significant. Bell et al^\[[@R19]\]^ reported that the thromboelastogrphy (TEG) parameters reflect a hypercoagulable state during and after TURP and that this change is caused by the inhibition of the fibrinolytic system. Conversely, Nielsen et al^\[[@R20]\]^ concluded that the fibrinolytic system is activated during TURP due to surgical trauma. Although these 2 studies demonstrated conflicting results regarding the change of the fibrinolytic system, both of these reports failed to provide information about the amount of irrigating fluid used and absorbed. Thus, it is difficult to fully comprehend how much of an impact the irrigating fluid had on the results between the 2 different aforementioned reports. The average amount of irrigating fluid absorbed was about 400 mL in this study, which corresponds to about 10% of the total blood volume. In general, adverse symptoms (i.e., nausea, vomiting, confusion, and arterial hypotension) are more common if glycine solutions of 1000 to 2000 mL are absorbed.^\[[@R21],[@R22]\]^ Based on the result from a correlation analysis---between the irrigating fluid absorbed and the changes in ROTEM---there may be greater coagulation pathway impairment (hypocoagulability) with increased volume of irrigating fluid absorption.

In the present study, the postoperative values of PT-INR were increased compared with the preoperative values. However, aPTT did not change significantly. Ahsan et al^\[[@R23]\]^ described that PT prolongation was observed in 35% of patients immediately after TURP, and it was correlated with increased perioperative blood loss. Ozmen et al^\[[@R24]\]^ reported that PT was prolonged and aPTT did not change after TURP, which is in line with our findings. However, the accuracy of conventional coagulation tests to significantly reflect in vivo hypocoagulability is uncertain.^\[[@R25]\]^ In addition, PT and aPTT reflect only some parts of the coagulation system and do not provide information regarding the full coagulation pathway and balance between coagulation and anticoagulation.^\[[@R26]\]^ Although PT-INR and aPTT have been known to be correlated with CT of ROTEM,^\[[@R27],[@R28]\]^ the interchangeability between the conventional coagulation test and the ROTEM analysis is still controversial.^\[[@R29],[@R30]\]^ On the other hand, it was reported that CT of EXTEM is correlated with disseminated intravascular coagulopathy by Koami et al.^\[[@R31]\]^ We identified the effect of irrigating fluid on the coagulation cascade more clearly by showing a strong correlation between the volume of irrigating fluid absorbed and the degree of change in the EXTEM-CT value.

Hemoglobin and hematocrit levels were decreased postoperatively in the present study. A couple of possible causes can be suggested about the changes of hematological parameters. First, there were intraoperative bleedings. The mean estimated blood loss was 281 mL in the present study. Second is the dilution effect of irrigating fluid containing ethanol. There are several reports that the irrigation with isotonic saline containing 1% ethanol could influence the hematocrit and hemoglobin levels.^\[[@R32],[@R33]\]^

We identified other possible factors, such as ionized calcium, that could affect blood coagulation during TURP. Serum ionized calcium decreased significantly after surgery in the present study, which could result from the dilution caused by irrigating fluid absorption. Calcium is an important coagulation cofactor involved in the intrinsic, extrinsic, and final common pathways, as well as the conversion of fibrinogen to fibrin in the coagulation cascade.^\[[@R34]\]^ One in vitro study, using TEG analysis reported that significant hypocalcemia can cause hypocoagulation^\[[@R35]\]^; therefore, ionized calcium should be monitored during TURP to maintain hemostasis in the blood coagulation system.

There are a few limitations to this study that should be taken into consideration. First, only patients with ASA classification of 1 or 2 participated in the present study. This restriction may result in selection bias and may not be generalized to all patients. In general, patients with ASA classification of \>2 may have an underlying disease, such as coronary artery disease, that requires antiplatelet or antithrombotic agents. These drugs, despite discontinuation for several days before surgery, can have an influence on the ROTEM analysis. Thus, we limited the condition of patients to only those with ASA classification of 1 or 2. Second, this study was conducted in patients undergoing monopolar TURP, using a mixture of 2.7% sorbitol--0.54% mannitol as an irrigating fluid. Therefore, further studies are needed to better understand the effect of 0.9% saline used in bipolar TURP as an irrigating fluid. Finally, the number of patients enrolled in this study was relatively small (20 patients). Although there were significant findings in the present study, further studies with a larger patient population are necessary.

In conclusion, irrigating fluid absorbed during TURP has significant effects on the blood coagulation cascade via the inhibition of the clotting factor activity or by lowering the coagulation factor concentration through hemodilution, as suggested by the ROTEM results. Further studies are required, however, to reveal the effect of absorption of large volumes of irrigating fluid on blood coagulation.

Abbreviations: aPTT = activated partial thromboplastin time, CFT = clot formation time, CT = clotting time, MCF = maximum clot firmness, PT-INR = international normalized ratio of prothrombin time, ROTEM = rotational thromboelastometry, TURP = transurethral resection of the prostate.
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